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This paper presents an experimental investigation on the manoeuvring characteristics of a pusher-
barge system for deep (H/d43) and shallow water (H/d¼1.3) condition. Since, the operation of pusher-
barge mainly concentrates on conﬁned waters, there is a need to predict and analyze the manoeuvring
characteristic of the system for a safe and acceptable performance. A time domain simulation
determine the hydrodynamic coefﬁcients using a planar motion mechanism (PMM). The time domain
simulation shows the manoeuvring characteristic in the form of turning circle trajectories and zig-zag
manoeuvre based on the hydrodynamic coefﬁcients, which were derived based on experimental results.
The manoeuvring characteristics in shallow and deep water conditions were compared through the
simulation results. A comparison of simulation results based on experimental and empirical driven
coefﬁcients for both conditions shows that the experimental coefﬁcients gave better manoeuvring
characteristics for both turning circle trajectories and zig-zag manoeuvre.
& 2011 Elsevier Ltd. All rights reserved.1. Introduction
Presently, the most economical means of carrying goods in
inland waterways for Indonesia and Malaysia is through barges.
However, the use of barges in towing mode could affect its safety,
as it has to manoeuvre in rivers of conﬁned waters. In order to
enhance safety there is growing use of pusher-barge systems for
carriage of cargoes, which is an alternative mode of transportation
in inland waterways and coastal regions that offered a minimum
operating cost and safety. This system must have good manoeuvr-
ing capabilities to maintain its intended course in inland water-
ways, coastal area and in ports. The pusher barge must also be able
to stop within a reasonable distance or turn within the reasonable
turning path in order to avoid some hazardous conditions, such as
collision, ramming and grounding.
Manoeuvring characteristic of a pusher barge is dependent on
the parameters of the waterways such as bank shape and water
depth (Lataire et al., 2007). Vantorre and Eloot (1996) compared
different formulations of lateral force and yawing moment with
model experiment results for shallow water manoeuvring for all
drift angles and found that a tubular formulation of the lateral force
and the yawing moment was needed to cover the whole range of
drift angles. According to Beukelman and Journee (2001), deduction
of water depth causes an increase of moment and lateral force,
which will reduce the manoeuvring capability of a vessel.ll rights reserved.
þ60 75566159.Since steering and manoeuvring describes the pusher barge
motions on a horizontal plane, atime domain coupled equation
may be developed to describe the motions. The coefﬁcients of the
various terms in the equation are referred to as the hydrodynamic
derivatives. These derivatives are dependent upon the hydrody-
namic ﬂow around the ship hull, which in turn depends on the
geometry of the submerged body of the hull (Wang et al., 2000).
This research focuses on a simulation programme, which was
developed based on the hydrodynamic coefﬁcients to predict the
manoeuvrability of the pusher barge.2. Mathematical model
The mathematical model for manoeuvring motion can be
described by the following equation of motion, using the coordi-
nate system in Fig. 1.
X ¼ 12 rL2dðm0 þm0xÞ _u12rL2dðm0 þm0yÞrv
Y ¼ 12 rL2dðm0 þm0yÞ _vþ12rL2dðm0 þm0xÞru ð1Þ
N¼ 12rL4dðI0zzþ J0zzÞ_r
where m, mx, and my are the mass of ship, and added mass in
x- and y-directions, respectively; IZZ and Jzz moment of inertia and
add moment of inertia around z-axis, respectively; b is Drift angle
at the centre of gravity C.G. [b¼sin1(v/U)]; r0 is dimensionless
turning rate [r0 ¼r(L/U)]; r and v are the turning rate and sway
